each tissue. Ectodermal tissues express mainly ABH antigens independent of the Le and Se genes, whereas endodermal tissues express mainly ABH antigens under control of the products of the Le and Se genes (Oriol et al., 1986) .
Among the endodermal tissues, most of the cells of digestive, respiratory and urinary epithelia express ABH antigens under the control of the products of the ABO, Se and Le loci.
Two embryonal layers are derived from the primitive ectoderm, these being neuroectoderm and mesoderm which originates from an invagination of the ectoderm in the 16-day-old embryo. Of the mesodermal tissues, vascular endothelium, erythrocytes and platelets possess intrinsic ABH antigens. Of the neuroectodermal tissues, the epidermis and the primary sensory cells, which are derived from the placodes and the neural crest, also express ABH antigens. In all these ectodermal tissues the ABH antigens expressed are under the control of the ABO locus, but they are independent of the Se and Le genes. A few examples of different tissues are detailed below to illustrate the findings EXPLANATION OF PLATE 1 Polychromatic immunofluorescence staining of ethanol-$xed, parafin-embedded human tissues with Juorescein isothiocyanate-(green) and tetramethyl rhodamine isothiocyanate-(red) labelled reagents Stained preparations were mounted with one drop of p-phenylenediamine (1 mg/ml in pH 8.5-buffered glycerol) (Oriol & Mancilla-Jimenez, 1983) . Part which support these general rules and to give some exceptions to these same rules.
Epidermis
The human body is covered by a continuous sheet of twoto four-cell layers of ABH-positive cells. This layer forms the most external area of the stratum granulosum, next to the stratum corneum. The only skin sample negative with anti-A, anti-B and anti-H, found to date, belonged to an H-deficient individual (h/h) from Reunion Island (Le Pendu et al., 1986a) , suggesting that the epidermal ABH antigens are under the control of the H locus and independent of the Se and Le loci.
The epidermis of the fingertips, palms and soles has a distribution of ABH antigens different from the rest of the body. This particularly thick area of the epidermis shows a clear dissociation between the expression of A or B and H antigens. There is a limited expression of A or B antigens, only a few scattered cells close to the sweat pores, in the most external cell layer of the stratum granulosum, are antigen-positive (Plate I , part 1). On the other hand, the H antigen is strongly expressed. Indeed, H antigen is detected in the membranes and the cytoplasm of all the cell layers of the epidermis, from the stratum germinativum to the stratum corneum, the only exception being the basement membrane which remains negative (Plate 1, part 2). The expression of H in these areas is not only strong in fresh tissue, but it was also very well preserved in an Egyptian mummy (Plate 1, part 3). On the contrary, A and B antigens were not easily detected in any of the mummified samples tested. The same kind of dissociation between H and A or B was observed in the epidermis of some animals. Rat, pig and monkey (Oriol et al., 1984) showed a strong expression of H in all layers of the epidermis and little or no A or B. In contrast to man, the dissociation between A, B and H in these animals was observed all over the body.
. Antibodies to the Lewis antigens do not react with the epithelial cells of the epidermis, except for the sweat ducts. The inner cell layer of sweat ducts express Led and Leh in Le(a + b -) and Le(a -b +) individuals respectively. These same cells express ABH antigens irrespective of the secretor status of the individual. The sweat ducts of the aforementioned H-deficient subject (Le Pendu et al., 1986a) were negative with anti-H, suggesting that this area is under the control of the H a n d Le genes. Lewis antigens are almost absent from the acinar cells of the coiled sweat glands. On the contrary, this portion of the sweat glands expresses large amounts of ABH antigens under the control of the Se gene.
In summary, the expression of ABH and Lewis antigens in the skin has three different genetic controls: (a) the epidermis has ABH antigens under the control of the H gene; (b) the sweat ducts have ABH and Lewis antigens under the control of the H a n d Le genes; (c) the coiled portion of the sweat glands secrete ABH antigens under the control of the Se gene. Therefore the deep portions of the sweat glands, like the mammary glands, are an exception to the general ectodermal pattern of expression of ABH tissue antigens.
Primary sensory neurons
The pseudo-unipolar neurons of the posterior root ganglia (Plate 1, part 4) have ABH antigens in the Golgi cisternae, the membrane and the cytoplasm. This positive reaction extends centrally to the first synapses in the substantia gelatinosa of the posterior horn of the spinal cord (laminae 11) and peripherally to the sensory receptors. Neurons of sympathetic and parasympathetic ganglia (Oriol et al., 1984) and the neurons of the mesencephalic nucleus of the trigeminal nerve (Mollicone et al., 1 9 8 6~) are also positive. Some of the primary sensory neurons of the cranial nerves Vol. 15 also synthesize ABH antigens, i.e. olfactory, auditory (Mollicone et al., 198%) and taste receptors. All these sensory cells that express the ABH antigens are derived either from the neural crest or from the ectodermal placodes. By contrast, sensory cells derived from the central nervous system, for example the optical receptors of the retina, have no ABH antigens at all. It is interesting to note that the epithelial and endothelial cells of the cornea, which have no sensory function but are derived from the ectoderm directly overlying the optic vesicle, do express ABH antigens (Salisbury & Gebhardt, 1981) . All the ABH antigens expressed by primary sensory neurons are independent of Se and Le genes, as expected for ectodermal structures. The cells of the central nervous system and all the connecting and motor neurons of the peripheral nervous system are devoid of ABH antigens.
Kidney
This organ contains structures from two cell lineages. Glomeruli and proximal and distal convoluted tubules are of mesodermal origin and express ABH and related antigens independent of Se and Le genes, whereas the urinary epithelium (collecting ducts, calyces and ureter) is derived from the ureteral bud which has its origin in the last portion of the primitive digestive tube. These cells are, therefore, of endodermal origin and, as expected. express ABH antigens under the control of the Se and Le genes. Nevertheless, although all kidney cells follow these general rules, each portion of the nephron has its own particular expression of ABH and related structures. The endothelial cells of glomeruli and intertubular vessels and the epithelial cells of some distal tubules express ABH antigens independent of Se and Le genes (Bariety et al., 1980; Hinglais et al., 1981) (Plate I , part 5, green). The glomerular epithelial cells or podocytes have no ABH antigens, but they are very rich in sialic acid. After neuraminidase treatment they can be easily stained with Arachis hypogaea (peanut agglutinin) or Helix pomatia lectins (Plate 1, part 5, red). These lectins also stain the apical pole of the epithelial cells of the ascending limb of the loop of Henle, the distal convoluted tubules including the macula densa (Plate 1, part 5, red) and the collecting tubules. Unlike the podocytes, the labelling of tubular cells with these lectins can also be obtained by direct staining without any prior enzymic treatment. The epithelial cells of proximal convoluted tubules and the descending limb of the Henle loop are devoid of ABH antigens, but they contain large amounts of the X or Le" antigen (Plate I , part 6, red). This X antigen is probably under the control of the same X gene controlling the synthesis of the a-3-fucosyltransferase in serum since the proximal convoluted tubules of a young female, whose serum was devoid of cr-3-fucosyltransferase, did not contain any detectable X antigen. The ascending portion of the loop of Henle and the distal convoluted tubule secrete the Tamm-Horsfall glycoprotein (Plate I , part 6, green). Finally, the Lewis antigens (Led and Le") under the control of the product of the Lewis gene, are only found in some distal convoluted tubules and the urinary epithelium (Oriol ct ul., 1980) 
Digestive mucosa
This is a typical tissue of endodermal origin. All the digestive epithelial cells from the oral to the anal mucosa express some sort of blood-group-related oligosaccharide antigen. Most of them express ABH and Lewis antigens under the control of the Se and Le genes. However, some exceptions to this general rule have been observed in deep acinar cells of gastric and Brunner's glands. The stomach was the first organ that was carefully studied for the presence of ABH antigens using immunofluorescence (Glynn et ul., 1957) . The surface epithelium of the duodenum and the pylorous express Type 1 and Type 2 ABH antigens under the control of the Le and Se genes (Mollicone et a/., 19856, 19866) . In contrast, in deep gastric glands and Brunner's glands, only Type 2 difucosylated antigens independent of the Se and Le genes are found. These deep glands, therefore, represent an exception to the endodermal pattern of secretion of ABH antigens. Plate 1, part 7, shows the double staining which is obtained with anti-Leh (Type I , green) and anti-Y (Type 2, red) at the surface of the pyloric mucosa, which contrasts with the single red stain given by the anti-Y in the deep gastric glands.
Plate I , part 8, shows the duodenal mucosa, of a BLeh donor, stained with anti-B (green) and anti-Y (red). The Brunner's glands have a patchy pattern with alternate cells, glands or clusters of glands. We call this pattern 'Harlequin' because it resembles the multicoloured costume of this character from the Italian theatre (Mollicone et al., 19866) . This Harlequin pattern may be due to a selective activation of the genes controlling the A or the B glycosyltransferases in about half of the deep mucus-secreting cells, whilst the other half continue to produce only the Y precursor chain. In accordance with this interpretation, blood group 0 individuals show a uniform staining with anti-Y in the same deep areas of the mucosa.
The remainder of the small intestine expresses ABH and Lewis antigens under the control of Se and Le genes as does the surface of the pyloric and duodenal mucosae. The caecum and the ascending and transverse portions of the colon express these antigens under similar genetic controls. In the mucosa of the descending and sigmoid colon, there is a progressive diminution of the expression of ABH and Leb antigens. These antigens are practically absent from the normal rectal mucosa (Wiley et al., 1981) . However, the Led antigen persists throughout all the colonic mucosa and other Lewis-related antigens (of as yet unidentified structure) appear in this area (Macartney et al., 1986) .
Biliary and pancreatic ducts express ABH and related antigens according to the ABO, secretor and Lewis phenotypes of the tissue donor. The acinar cells of the exocrine pancreas have also ABH antigens, but they are independent of the Se gene (Rouger et al., 1981) . Normal hepatocytes have lost the capacity to express ABH antigens. However, membrane-associated and cytoplasmic H antigen has been found in some hepatocytes in areas close to the portal tracts in patients with hepatocarcinoma or cirrhosis (Oriol 1983) .
Tentative interpretation of' the overall results
We have proposed that there may be two distinct patterns of ABH genetic control: endodermal and ectodermal. We have also seen, above, that there are a few exceptions to this general dimorphic model. However, it is interesting to note that all the exceptions occur in deep glands, where highly differentiated cells secrete ABH antigens, whilst the ectoor endo-dermal surface epithelia and the majority of the secretory ducts of the same glands fit the dimorphic model.
From the early experiments of Szulman (1977) we know that most embryonic tissues express ABH antigens and that this capacity is lost in some tissues after differentiation. Some cells, like the neurons of the central nervous system, the muscular cells and the bone cells, completely lose the capacity to synthesize ABH antigens; others lose this capacity under normal conditions, but can still synthesize ABH antigens under pathological conditions. Finally, we propose that the acinar cells of the deep glands, which do not fit with the model, might have undergone some modifications in the expressions of ABH antigens due to the differentiation of specific secretory functions, whilst the ductal cells that are mainly carrying this secretions have kept the specifications corresponding to the dimorphic ecto-/endo-dermal model.
Type 3 and Type 4 A antigens
These structures were first described in red blood cells (Takasaki et a/., 1978) and saliva (Donald, 1981) . Since then, they have been found in all cells expressing A antigens, although in nucleated cells they are restricted to the area of the Golgi appararus ( Le Pendu et al., 19866) . Plate I , part 9, shows the crypts of Lieberkunn of an A Le(a -b -) individual stained with anti-A Type 3/4 (green) and the lectin 1 of Ulex europaeus (red). The green stain is limited to supranuclear spots corresponding to the Golgi cisternae. The fact that the anti-A Type 3/4 antibody stains only the Golgi apparatus suggests that the terminal portion of Type 3 and/or 4 structures might be either cleared by specific glycosidases or masked by the elongation of the oligosaccharide chains during their transit through the Golgi cisternae.
The expression of Type 3 and 4 H antigens is independent of the Se gene (Clausen et al., 1986) . The A Type 3 (Clausen et al., 1985) and the A Type 4 (Clausen et ul., 1984) antigens are not found in erythrocytes of A2 individuals and they seem to contribute to the difference between A l and A2 (Le Pendu et al., 19866) .
Finally, an A Type 4 heptaglycosylceramide has been isolated from human kidneys and represents the major blood-group-related glycolipid structure of this organ (Breimer & Samulesson 1986 ).
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The biosynthesis of the oligosaccharide side chains linked 0-glycosidically from N-acetylgalactosamine to serine or threonine seems t o occur almost entirely by a sequence of classical glycosyl-transfer reactions (Beyer & Hill, 1982; Sadler, 1984; Schachter et mi.. 1985) . Although the synthetic pathway appears to be less complicated than that for N-glycosidicnlly linked oliposaccharides, surprisingly little information is currently available. Concerning the subcellular site of the initial 0-glycosylation reaction, it appears that in most. if not all. cell types. the addition of the core N-acetylgalactosaniinc residue occurs post-translationally in a subcellular site ~l i i c h in situ most probably corresponds to the c i s side of the Golgi apparatus (Niemann ct ul., 1982; Cummings ct id.. 1983; Johnson & Spear, 1983; Shida & Matsrimoto, 1983; Elhammer & Kornfeld. 1984; Roth. 1984; Johnson & Heath, 1986) . Subsequent steps of elongation and termination of 0-linked oligosaccharide processing obviously should take place in the Golgi apparatus as well, although it needs to be emphasized that adequate information is currently unavailable.
Elhammer & Kornfeld (1984) found by subcellular fractionation that there was co-distribution of UDP-galactose : N-acetylgalactosamirie-P 1.3-galactosyltransferase with UDPgalactose : N-acet ylglucosamine-P 1,4-galactosyltransferase in a linear sucrose gradient. Since the latter galactosyltransferase had been localized by immunoelectron microscopy to truns Golgi apparatus cisternae of HeLa cells (Roth & Hergcr, 1982 ) the same subcellular localization was assumed for the former galactosyltransferase. In various gastrointestinal cell types, which are known to synthesize large amounts of mucus (Hounsell & Feizi, 1982) . terminal nonreducing galactose linked to N-acetylgalactosamine as visualized by elcctron microscopy with the peanut lectin conjugated to peroxidase was detectable exclusively in the middle of the cisternal stack of the Golgi apparatus (Sato & Spicer, 1982) . Cytochemical label for terminal non-reducing N-acetylgalactosamine as detected with the Helix pomutiu lectin bound to particles of colloidal gold was present over truns Golgi cisternae of intestinal goblet cells (Roth, 1984) . In order to clarify further the importance of this labelling pattern we have performed immunolabelling studies to localize the blood group A r 1,3-N-acetylgalactosaminyltransferase and its product, the blood group A substance.
The blood group A gene-specified SI 1,3-N-acetylgalactosaminyltransferase was 100 000-fold purified from human blood plasma under the conditions described by Nagai et al. (1978) and an antibody was raised in a rabbit as described earlier (Cook et ul., 1982) . The antibody was freed from traces of antibodies to other human serum proteins and blood group A substance by passage through affinity columns made by coupling human y-globulin, human serum proteins and human blood group A substance to cyanogen bromide-activated Sepharose-4B.
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The absorbed rabbit antiserum failed to agglutinate blood group A red cells in haemagglutination tests or to react in dot-blot tests on nitrocellulose with a saline extract of human jejunum from a group A individual or with purified A-active glycoprotein although it reacted strongly with purified A transferase bound to nitrocellulose. A mouse monoclonal anti-A and an immune rabbit anti-A failed to react with the A transferase in similar tests although they readily stained the jejunal extract and the A substance. Moreover the reactivity between the bound A transferase and the rabbit anti-A transferase could not be inhibited by soluble A substance. The mouse monoclonal antibody against blood group A substance was obtained from Biotest Diagnostics (Biotest-Serum-Institut GmbH, Frankfurt, F.R.G.).
Pieces from duodenum and ileum of blood group A and 0 subjects were obtained by aspiration biopsy or at surgical intervention and immediately fixed by immersion in freshly prepared 3% formaldehyde and 0.1 YO glutaraldehyde in phosphate-buffered isotonic saline (pH 7.4) for 2 h at room temperature. Embedding in Lowicryl K4M was performed at -35°C as previously described (Roth at a/., 1981) . Thin sections were cut and picked up on Parlodion/carboncoated nickel grids. lmmunolocalization of the blood group A crl,3-N-acetylgalactosaminyltransferase was performed on Lowicryl K4M thin sections with the protein A-gold technique (Roth, 1982) . The antibody was used at a 60-75-fold dilution. The monoclonal antibody against blood group A substance was applied at a 5-1 0-fold dilution under previously published conditions (Hauri et al., 1985) . Cytochemical controls included replacement of the antibody by preimmune rabbit serum, normal mouse IgG or buffer. Antibodies were also preabsorbed with blood group A substance before use.
lmmunolabelling with the antibody to the blood group A cr 1,3-N-acetylgalactosaminyltransferase and anti-blood group A substance was observed in intestinal mucosal epithelia of blood group A subjects. The labelling found on thin sections from tissue of blood group A subjects was considered to be specific since it was almost completely abolished under the different control conditions. Preabsorption of the blood group A SI 1,3-N-acetylgalactosaminyltransferase antibody with blood group A substance had no effect on the labelling whereas preabsorption with purified A transferase abolished labelling. In goblet cells the distribution of immunolabel both with anti-~1,3-N-acetylgalactosaminyltransferase and anti-blood group A substance coincided and was restricted to t r m s cisternae of the Golgi apparatus. In addition, gold particle label was observed over forming and mature mucus droplets where it was present along the inner surface of the mucus droplet limiting membrane and in the mucus. The plasma membrane of the goblet cells was also positive with both antibodies. In the Golgi apparatus of intestinal absorptive cells the labelling pattern was strikingly different. lmmunolabel for both antigens was present throughout the cisternal stack (with the exception of the fenestrated first cis cisterna) including the trans-tubular network (Roth e t a / . , 1986). Furthermore, gold particle label existed at the inner surface of smooth membraned vesicles present at the trans side of the Golgi apparatus and in the apical cytoplasm. M ultivesicular bodies and secondary lyso-
